use of enzymes, whereas the application of sodium chloride (NaCl) as surface active agent in collaboration with optimal conditions of pH, temperature, solid-to-solvent ratio has not been studied. In the previous parts of this study, oil and protein were simultaneously extracted and the process parameters were optimized . However, in this study, the impacts of pH and ionic power on emulsion activity index and foam capacity, solubility, in vitro protein digestibility, and amino acid profile of the isolated sesame protein through simultaneous recovery of protein and oil (aqueous technique) were discussed.
| MATERIAL S AND ME THODS

| Collection and preparation of material
Sesame seeds were collected from Akure main market, Ondo State, Nigeria. The seeds were cleaned, oven-dried (SM9053, Uniscope, England) at 50°C, and converted to powder through hammer mill.
The powder was sieved using a 630-micron sieve to obtain product with homogenous particle size.
| Preparation of protein isolate
Preliminary experiments were conducted to identify the optimal conditions for the independent variables used in this research. The aqueous extraction technique described by Fasuan et al. (2018) and Gbadamosi, Fasuan, and Omobuwajo (2017) was employed.
Fifty grams of ground sesame powder was weighed and suspended in 150 ml of 0.1 M NaCl at 47°C and homogenized for 30 min in a thermostat water bath (Julabo, model SW22, Germany). The pH of the mixture was adjusted to 11. The homogenate was then stirred further for 30 min and centrifuged at 3,664 × g (0502-1 Hospibrand, USA) for 20 min at 30°C (Figure 1 ). The pH of the supernatant was adjusted to 4.5 to separate the soluble protein. The product obtained was homogenized using a magnetic stirrer for 1 hr and centrifuged at 3,664 × g (0502-1 Hospibrand, USA) at 30°C for 15 min.
The supernatant was discarded. The residue was washed by dispersing in distilled water, and the pH was adjusted to 7. The resultant product was homogenized using a magnetic stirrer for 30 min and then centrifuged at 3,664 × g for 15 min at 30°C. The obtained protein isolate was then freeze-dried and packaged for further analysis.
| Functional properties
| Emulsifying activity index and stability
The impact of hydrogen ion concentration and ionic power on emulsifying activity index (EAI) was determined by the turbidimetric method described by Gbadamosi, Abiose, and Aluko (2012) . Five hundred milligrams of sesame protein isolate (SPI) was dispersed in 100 ml of distilled water at different NaCl concentrations (0.0, 0.5, and 1.0 M), and the pH was adjusted separately to 2, 4, 6, 8, and 10 with either 1 M HCl or 1 M NaOH. Fifty milliliters of pure edible palm olein oil (Devon King's, PZ Wilmar Foods Ltd, Lagos) was added and homogenized using a blender (O'Qlink, SN2200, China) set at high speed for 60 s. A 50-μl aliquot of the emulsion was transferred from the bottom of the blender after homogenization and mixed with 5 ml of 0.1% sodium dodecyl sulfate (SDS) solution. The absorbance of the solution obtained was measured at 500 nm using spectrophotometer (722-2000 Spectronic 20D, England) . The absorbance obtained was used to calculate the EAI as shown in Eq. (1).
where 2.303 is turbidimetry constant; A is absorbance at 0 min after homogenization; 0.25 is oil volumetric fraction; for a dilute dispersion interfacial, A is 2× turbidimetry constant (i.e., 2 × 2.303).
The emulsion stability was determined using Eq. (2). AA = absorbance at 10 min, A = absorbance at 0 min, ∆t = change in time = 10 min.
| Foaming capacity and stability
The impact of hydrogen ion concentration and ionic strength on foam capacity and stability was evaluated using the method of Chavan, V 1 = volume before whipping (ml), V 2 = volume after whipping (ml), V 3 = volume after standing (ml).
| Protein solubility
The effect of pH on protein solubility was determined by a method described by Gbadamosi et al. (2012) with slight modifications. In 250 ml of 0.1 N NaOH, 2.5 g of the sample was dispersed and stirred
F I G U R E 1 Flowchart for aqueous extraction of protein isolate from sesame seed using a magnetic stirrer (Cenco, Netherlands) for 1 hr, centrifuged (Harrier 15/80 MSE) at 4,500 × g for 30 min, and then filtered through Whatman No. 1 filter paper. An aliquot of the filtrate was centrifuged at 12, 000 × g for 20 min, and the resulting filtrate obtained was labeled supernatant A. The pH of the remaining filtrate (20 ml) was adjusted separately to pH 2, 4, 6, 8, and 10 with 1 N HCl or NaOH. The solution was then made up to 30 ml and stirred for another 10 min. An aliquot of the mixture was also centrifuged at 12,000 × g for 20 min, and the centrifuged solution was labeled as supernatant B. The protein content of supernatants A and B was determined using the modified Lowry method (Markwell, Haas, Biebar, & Tolbert, 1978) . One milliliter of supernatants A and B was prepared separately (by adding 50 μl of supernatants A and B separately with 950 μl of distilled water) followed by addition of 3 ml of Lowry's reagent C (mixture of reagents A and B at the ratio 100:1; reagent A: 2% Na 2 CO 3 , 0.4% NaOH, 0.16% sodium chloride, 1% sodium dodecyl sulfate dissolved in distilled water; reagent B:
4% CuSO 4 .5H 2 O dissolved in distilled water) and incubated at ambient temperature for 1 hr. Also, 0.3 ml of distilled Folin-Ciocalteu phenol reagent (1 part of Folin-Ciocalteu phenol with 3 parts of distilled water) was added to the mixture and mixed vigorously using vortex mixer. The tubes were allowed to stand at ambient temperature for 45 min, and the absorbance of the mixture was then measured at 600 nm using spectrophotometer (722-2000 Spectronic 20 D, England). Exactly 100 μl of bovine serum albumin standard containing 100 μg protein/ml was pipetted, and 900 μl of distilled water was added. The procedure described above was then followed. A plot of absorbance against protein concentration mg/ml gave a straight line curve. The protein concentrations of the sample were extrapolated from the curve.
| In vitro protein digestibility
In vitro protein digestibility of the protein isolate was measured using combined methods of Saunder, Connor, Booth, Bickhoff, and Kohler (1973) and as modified by Chavan et al. (2001) . Two hundred and fifty milligrams of the sample was suspended in 15 ml of 0.1 M HCl containing 1.5 mg pepsin, followed by gentle shaking for 1 hr at 30 ± 2 °C. The resultant suspension was neutralized with 0.5 M NaOH and treated with 4.0 mg pancreatin in 7.5 ml of phosphate buffer (0.2 M, pH 8.0).
The mixture was shaken for 24 hr at 30 ± 2°C. The mixture was then filtered using Whatman No. 1 filter paper, and the residue was washed with distilled water (1:10, w/v), air-dried, and used for protein determination using Kjeldahl procedure (AOAC, 2000) . Protein digestibility was obtained by using Equation (5): where I = protein content of sample before digestion, F = protein content of sample after digestion.
| Amino acid determination
Amino acid profile was determined as described by Blackburn (1978) .
Amino acid scores were obtained as follows: Total amino acid scores were obtained based on the whole hen's egg amino acid profiles as described by Olaofe, Adeyeye, and Ojugbo (2013) . Essential amino acid scores were obtained using the expression (provisional amino acid scoring pattern) as described by Olaofe et al. (2013) . The essential amino acid scores were calculated as described by Olaofe et al. (2013) and FAO/WHO (2007) . The ratios of total essential amino acids to the total amino acids, total sulfur amino acids, total aromatic amino acids, total neutral amino acids, total acidic amino acids, and total basic amino acids were obtained as described by Olaofe et al. (2013) .
| RE SULTS AND D ISCUSS I ON
The yield of the protein isolate from Sesamum indicum was 18.81 g per 100 g seed flour.
| Solubility
The solubility curve for the sesame protein isolate (SPI) is presented in Figure 2 . The protein isolate showed least solubility at pH 4 (8.39%), presumably the isoelectric pH, and peak at pH 10 (55.08%). There was a rise in protein solubility below and above the isoelectric pH region. This could be attributed to protein solubility in aqueous solutions, which is a function of pH. At pH values and pH 10, respectively, at 1.0 M NaCl concentration. This rise in EAI could be associated with the rise in solubilization of the protein as the ionic power was increased. Emulsifying power is a function of protein surface hydrophobicity.
From Figure 3b , for all NaCl concentrations, the ESI reduced from pH 2 to pH 4 and afterward rose with rising pH. The least ESI occured at pH 4 for all salt concentrations: 28.94%, 31.33%, and 47.37% for 0.0 M, 0.5 M, and 1.0 M NaCl, respectively. These results showed that the addition of NaCl increased the ESI between the pH 4 and pH 8. The emulsion stability of the SPI rose with increased NaCl concentration.
The low ESI at low pH and salt concentration was similar to the report of Chavan et al. (2001) , which was associated with rise in interactions between the emulsified droplets, as net charge on the protein is reduced by the presence of chloride ions. The EAI is important in processing procedures such as cooking and canning (Ahmed et al., 2012) . Kanu et al. (2007) for sesame protein isolate and soy protein isolate, and by Inyang and Iduh (1996) for sesame protein concentrate. The rise could be associated with rise in solubilization of protein as ionic power rose. The SPI may find application in foods that require good foaming property such as salad dressing.
| Influence of pH and ionic concentration on foaming properties
| In vitro protein digestibility
In vitro protein digestibility of sesame protein isolate using pepsinpancreatin enzyme systems showed that the SPI had digestibility of 89.57%. This result was higher than the value of 30.50% reported by Maha, Abdullahi, Isam, and Elfadil (2009) for uncooked soybean flour and 35% reported by Gbadamosi et al. (2012) for conophor protein concentrate, but similar to the value of 90% reported by Wanasundara and Shahidi (1997) for flaxseed protein isolate. The high digestibility of the SPI could be attributed to fall in the nonprotein compounds, particularly polysaccharides, as well as rise in the availability of the proteins for enzymatic activities (Adiamo, Gbadamosi, & Abiose, 2016) . Table 1 shows the amino acid (AA) profile for the SPI. Glutamic acid had the highest concentration (16.54 g/100 g) followed by aspartic acid (9.88 g/100 g), and they are acidic amino acids (AAA). Table 1 shows that the limiting amino acids were sulfur amino acids (methionine 1.87 g/100 g; cysteine 0.15 g/100 g). The highest essential amino acid (EAA) was leucine (7.57 g/100 g). All the values obtained for AA of the sample were similar to previous work on sesame protein isolate. The value of leucine (7.57 g/100 g), isoleucine (4.85 g/100 g), TA B L E 4 Amino acid scores with respect to requirements (amino acid values in g/100 g) methionine (1.87 g/100 g), arginine (7.45 g/100 g), serine (6.62 g/100 g), valine (5.44 g/100 g), and histidine (2.25 g/100 g) were similar to the report of Fleddermann et al. (2013) for sesame protein isolate: leucine (7.68 g/100 g), isoleucine (4.04 g/100 g), methionine (1.17 g/100 g), arginine (7.36 g/100 g), serine (5.36 g/100 g), valine (4.16 g/100 g), and histidine (2.44 g/100 g). The values of lysine (5.06 g/100 g), aspartic acid (9.88 g/100 g), proline (4.08 g/100 g), alanine (2.83 g/100 g), and tryptophan (1.25 g/100 g) were similar
| Amino acid profile
to the report of Cervantes-Pahm and Stein (2010) for sesame protein isolate: lysine (4.78 g/100 g), aspartic acid (8.49 g/100 g), proline
(3.70 g/100 g), alanine (3.13 g/100 g), and tryptophan (1.03 g/100 g).
The essential amino acids of the SPI near those of reference protein (hen's egg) except that of methionine (Table 1 ). All the amino acids have good scores except methionine that was 58%. The AA scores ranged from 58% to 138%.
Most of essential amino acids of the SPI were found superior to those of pea and soy proteins. These include valine, threonine, isoleucine, methionine, phenylalanine (Table 1) ; leucine and tryptophan of the SPI showed superiority over pea protein. However, SPI is deficient in lysine and histidine relative to pea and soy proteins ( Table 1 ).
The AA distribution in the sesame protein isolate is shown in Table 2 . The ratios of total essential amino acid (TEAA) to total amino acid (TAA) in the sample (39.48% with histidine, 35.23% without histidine) near 39% stated to be sufficient for ideal protein food for infants, well above 26% for children and 11% for adults (FAO/ WHO, 1990; Olaofe et al., 2013) . Arginine is essential for children.
The value of arginine (7.45 g/100 g) was above the reference protein (6.10 g/100 g).
The AA scores of the sesame protein isolate with respect to the reference protein are shown in Table 3 . The AA scores with respect to provisional AA scoring pattern of the FAO for essential amino acids were well above 100% except sulfur-containing AA (methionine + cystine) and lysine that were 58% and 92%, respectively (Table 3 ). The amino acid scores with regard to the requirements of infants, preschool children, adolescents, and adults are shown in Table 4 . All the scores were well above 100% except those of sulfurcontaining AA (methionine + cystine) and lysine that were 81% and 87%, respectively.
The results showed that the amino acid profile of SPI extracted by aqueous technique could be used for food enrichment and as food supplement.
| CON CLUS ION
Emulsion activity index, foam capacity, and solubility of sesame protein isolate varied with pH and NaCl concentration. Rise in ionic strength of the dispersing medium yielded increase in these properties. The essential amino acids of the sesame protein isolate (SPI)
had similar score to those of reference protein (hen's egg) in quality.
The total amino acid was 95.70 g/100 g SPI. The high value of the in vitro protein digestibility showed that SPI could be used to enrich and as supplement in some food systems, especially in developing countries where protein deficiency is a major health challenge for children. The results of ESI and FC suggest that SPI could be used as functional food ingredient.
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